INTRODUCTION {#sec1-1}
============

Pulp and periapical diseases occur as a result of microorganisms invading into dental hard tissues and their further progression into the root canal system of the affected teeth. Therefore, the goal of root canal treatment is to eliminate the microorganisms from the root canal system and radicular dentin. After mechanical instrumentation, enormous areas of the root canal system remains untouched, regardless of the manual or rotary system used for cleaning and shaping.\[[@ref1][@ref2]\] Therefore, additional methods to the traditional treatment have been proposed in order to overcome the limitations of incomplete elimination of biofilm from the root canal system.\[[@ref3]\]

Sodium hypochlorite (NaOCl) is widely used as an irrigant at concentrations ranging from 0.5% to 6%. It is a potent antimicrobial agent and effectively dissolves organic debris.\[[@ref4]\] Irrigants have been traditionally delivered using a syringe and needle. The shortcoming with this technique is inadequate replacement of the irrigant throughout the root canal system.

Numerous irrigation regimens have been proposed to enhance the effectiveness of NaOCl. Such active irrigation has been showed to facilitate the disruption of biofilms and make the cell membrane of bacteria more permeable to NaOCl. EndoActivator (Dentsply, Tulsa Dental, USA) is a sonic device that uses a noncutting polymer tips to vigorously agitate the irrigant in the root canal.\[[@ref5]\]

Various laser systems have been examined as adjuncts to currently used disinfection protocols as they can reach areas that are inaccessible with traditional techniques (e.g., bacteria located deeply in fins, isthmuses, lateral canals and in the dentinal tubules). Among the new tendencies in the field of lasers, diode laser is interesting because of its small dimensions of the delivery tips, low cost, optional power output ranges and easy operating modes such as continuous wave, pulsed power, and gated mode.\[[@ref6][@ref7]\]

Laser activated irrigation permits fluid interchange and removal of organic tissue and microbes from intricate canal anatomy, resulting in tubular disinfection.\[[@ref8]\] Photon-induced photoacoustic streaming (PIPS) uses extremely low energy settings to create power spikes that generate a profound shock wave which travels three-dimensionally throughout the root canal system.\[[@ref8]\]

The enlargement of the apical third of the root canal has been advocated to ensure an adequate depth of penetration of the irrigant for better cleansing. The drawbacks of larger apical preparations include undesirable deviation from the original shape of the canal, weakening of the root and procedural complications such as ledge formation, transportations, and perforations. The conservation of tooth structure and the preventing extrusion of obturating materials have been cited as primary advantages of minimal apical enlargements.\[[@ref9]\]

This study was undertaken to determine and compare the antibacterial efficacy and viability of *Enterococcus faecalis* biofilms with needle irrigation, EndoActivator, diode laser and PIPS with erbium, chromium:yttrium, scandium, gallium, garnet (Er, Cr:YSGG) laser in minimally instrumented root canals using the colony-forming unit (CFU) count and confocal laser scanning microscopy (CLSM).

MATERIALS AND METHODS {#sec1-2}
=====================

One hundred and thirty single rooted human mandibular premolars were standardized to a uniform length of 20 mm. After determining the working length, the samples were instrumented to working length using Universal Protaper Rotary System (Dentsply, Tulsa Dental Specialties, USA) until finishing file, F1. After root canal instrumentation, the teeth were irrigated with 17% EDTA (Prime Dental Products Pvt. Ltd., India) for 1 min for smear layer removal, followed by a final rinse with 5% NaOCl (Nice Chemicals Pvt. Ltd., India) for 1 min and saline (Baxter, India). The samples were dried using paper points (Dentsply, Tulsa Dental, USA) and were sterilized in an autoclave (Confident Dental Equipments Pvt. Ltd., India) at 134°C for 17 min, stored in a sterile pouch until use. Five samples were randomly segregated to assure the sterility of the specimens before bacterial inoculation. The remaining 125 samples were inoculated with American Type Culture Collection 29212 *E. faecalis* suspension and incubated at 37°C for 21 days.\[[@ref10]\]

The samples were randomly allocated into five groups (*n* = 25). The samples in Group 1: Untreated group (positive control) was not subjected to any disinfection procedure.

In Group 2: Conventional needle irrigation, the samples were irrigated with a 30-gauge side vented needle (Max-i-Probe, Dentsply, Tulsa Dental, USA) introduced 2 mm short of the working length and irrigated with 5% NaOCl for 1 min, rinsed with sterile saline. Following which the samples were irrigated with 17% EDTA for 1 min and rinsed with sterile saline. In Group 3: EndoActivator group, the irrigation protocol was the same as in Group 2 except that the ISO size 20 tip of the EndoActivator was used to activate the irrigant during the disinfection procedure. The tip was introduced 1 mm short of the working length during the activation procedure at 10,000 cycles/min. In Group 4: Diode laser group, after the irrigation protocol as in Group 2, the samples were irradiated with 940 nm diode laser (Ezlase 940, Biolase, California, USA) using a 200 μm tip introduced 1 mm short of the working length for 1 min at peak power of 3.5 W. In Group 5: PIPS group, the irrigation protocol was as in Group 2, except that the irrigant was activated by a 2940 nm Er, Cr:YSGG laser (Biolase, California, USA) at 20 Hz and 75 mJ using a 200 μm tip during the irrigation procedure. The tip was placed in the coronal reservoir only during activation.\[[@ref8]\]

After the disinfection procedures, 20 samples from each group were subjected to evaluation of CFU count and 5 samples were subjected to CLSM for viability assessment. For CFU evaluation, 100 μl of sterile saline was deposited within the canal, and agitated with an ISO size 10 K-file (Dentsply Maillefer, Ballaigues, USA). Sterile paper point was introduced to working length, allowed to saturate and placed in sterile vials containing 2 ml of brain-heart infusion (BHI). After vortexing for 20 s, ten-fold serial dilution were prepared in saline, 100 μl were inoculated onto BHI plates (Biomerieux, Firenze, Italy), incubated at 37°C for 48 h and CFU count was evaluated using colony counter (Hi-Media, India) followed by transformed into actual counts based on the known dilution factors.

Five samples were subjected to CLSM for evaluation of viability of bacteria at 4 mm (Level 1) and 1 mm (Level 2) from the apex of the root. For CLSM, the samples were stained with fluorescent stains, SYTO 9 and Propidium Iodide (Baclight^TM^, Carlsbad, CA, USA) and the coronal ends were mounted onto methacrylate blocks. The preparation was cut into two evenly distributed transverse sections 1 mm from the apical most portions as well as from the 4 mm level using a hard tissue microtome (Leica SP 1600, Hard Tissue Microtome, Germany). Sections were examined by CLSM (LSM 510 META NLO, Axiovert 200; Carl Zeiss Ltd., Jena, Germany) and the fluorescent images were analyzed with Amira 5.0 and the image stacks were viewed with LSM browser. The initial stacks, comprising both green and red fluorescence were split into individual component color channels and saved as grayscale image and calibrated to define voxel size. The total fluorescence in each optical slice was obtained by adding the number of voxels calculated from the grayscale images of the respective red and green channels. Bacterial survival was then expressed as the proportion (%) of green voxels from the total fluorescence\[[@ref11][@ref12]\] \[[Figure 1](#F1){ref-type="fig"}\].

![Confocal laser scanning microscopy images for Groups 1-5 at Levels 1 and 2](JCD-17-444-g001){#F1}

Statistical analysis {#sec2-1}
--------------------

Data were analyzed statistically using Statistical Package for Social Sciences, (SPSS) version-10 software for windows. Data were expressed in its mean and standard deviation and were analyzed using Kruskal--Wallis ANOVA and post-hoc Mann--Whitney U-test.

RESULTS {#sec1-3}
=======

There was a significant reduction in the CFU count for all the techniques tested when compared with the positive group (3.35 ± 0.42 × 10^6^ CFU/ml) (*P* \< 0.005, Bonferroni correction). Diode laser displayed the highest antibacterial efficacy (0.73 ± 0.22 × 10^6^ CFU/ml) and conventional needle irrigation (2.45 ± 0.22 × 10^6^ CFU/ml) least \[[Table 1](#T1){ref-type="table"}\]. There was statistically significant difference in the viability of bacteria at Levels 1 and 2 between the groups (*P* \< 0.005). Pair-wise comparison revealed statistically significant difference in viability between diode laser and positive control. Viability of bacteria at Level 2 was found greater than of Level 1 for all the four disinfection techniques used \[[Table 2](#T2){ref-type="table"}\].
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Intergroup comparison of CFU count between five groups
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Comparison of viability of bacteria at Levels 1 and 2 between five groups

![](JCD-17-444-g003)

DISCUSSION {#sec1-4}
==========

The four different disinfection techniques evaluated in this study were conventional needle irrigation, EndoActivator, diode laser, and PIPS. A minimal instrumentation of ISO size 20 was chosen as the apical preparation limit in this study. Although the taper of 7° in the apical 4 mm of Protaper F1 file may suffix adequate mechanical preparation and enhance the cleaning action of irrigants, it may not correspond to the apical width of mandibular premolars. This discrepancy has no role in this study as the aim of this study was to evaluate the bacterial reduction in minimally instrumented canals using recent disinfection techniques.

In conventional needle irrigation, smaller gauged cannulas are chosen to achieve deeper and more effective placement. In this study, ISO size 20 cannula were used, and the irrigation protocol was a combination of 5% NaOCl and 17% EDTA. Conventional needle irrigation has limitations because a static reservoir of irrigant restricts the potential for any irrigant to penetrate, circulate, and clean into all aspects of the root canal system.\[[@ref13][@ref14][@ref15]\] Kouchi *et al*. have shown that bacteria colonize the periluminal dentine up to a depth of 1100 μ. Chemical disinfectants penetrate only by 100 μ into the dentine, as indicated by Berutti *et al*.\[[@ref16][@ref17]\] This could be the reason for the lower antibacterial efficiency in this study.

The EndoActivator device is a form of active irrigation. Its primary function is to produce vigorous intracanal fluid agitation through acoustic streaming and cavitation. When cavitation bubbles are produced by acoustic waves, they eventually collapse and the energy released is transferred to the root canal, detaching debris found within,\[[@ref3][@ref4][@ref5]\] which could be the reason for the reduction of bacteria within the root canals in the present study. However, the performance of subsonic agitation appears to be less effective than diode laser and PIPS group. This may be attributed to the different acoustic streaming velocity and frequency, which positively influence debris removal from the qualitative standpoint. EndoActivator only produces sonic waves.\[[@ref13]\] Sonic energy only has the power to produce one node along the length of the instrument, so any constraint of the instrument will eliminate or significantly decrease the acoustic streaming necessary to dislodge and carry away necrotic debris.

The superior bactericidal effect of diode laser irradiation in the present study could be attributed to its greater depth of penetration (up to 1000 μm into the dentinal tubules) when compared to the penetration power of chemical disinfectants, which is limited to 100 μm. It has been found that with progressive decrease in diameter of the deep dentinal tubules, the penetration of irrigants is restricted. However, laser irradiation with its inherent properties of light scattering, local intensity enhancement and attenuation allows light penetration deeper in the dentinal tubules contributing to a superior antimicrobial efficacy. The diode laser causes a thermal photodisruptive action in the unreachable parts of dentin, resulting in enhanced bactericidal effect in root canal dentin.\[[@ref3][@ref7][@ref18][@ref19]\]

The reduction of bacterial load by PIPS in this study can be due to the strong modulation in the reaction rate of NaOCl, significantly increasing the production and consumption of available chlorine and oxygen ions.\[[@ref20][@ref21]\] They cause photomechanical streaming of fluids with the formation of a cavity containing bubbles inside a fluid (cavitation). This process can allow irrigants to access otherwise inaccessible areas more easily. In addition, the cavitation bubbles expand, become unstable and then collapse (implosion). This implosion will have an impact on the surfaces of the root canal, causing shear forces, surface deformation and the removal of surface material. Each impulse, absorbed by the water molecules, creates a strong shock wave that leads to the formation of effective streaming of fluids inside the canal. The bactericidal effect of laser radiation with a wavelength of 2.78 μm is based on the high absorption constant for OH^−^ groups and H~2~ O, which is in the order of 5000/cm, destroying *E. faecalis* when energy is absorbed into the volume of the bacterium.\[[@ref22][@ref23][@ref24]\]

Lasers with shorter emission wavelengths like diode can be designed with flexible glass fiber emission tips. The Er, Cr:YSGG exhibits challenges because their large wavelength do not fit into the crystalline molecule of conducting glass.\[[@ref25]\] Difference in the physical parameters (wavelength, peak power, and mode) and emission tips between the two laser radiations could have attributed to the greater disinfection efficacy of diode laser.

The CFU evaluation methodology\'s level of sensitivity was believed to be insufficient for detecting the possible viable cells in the lower concentration. The CLSM analysis used in this study is a convenient, accurate and reproducible method for localizing and quantifying live and dead bacteria within dentinal tubules. They provide information about the severity of dentine infection and vitality of bacteria within the dentinal tubules at the cellular level. They are promising in elucidating the significance of the residual bacteria in uncultivable state.\[[@ref26][@ref27]\]

CONCLUSION {#sec1-5}
==========

Diode laser group showed better antibacterial efficacy and least viable bacteria when compared to conventional needle irrigation, PIPS and EndoActivator groups in minimally instrumented, experimentally instrumented root canals.PIPS and EndoActivator groups showed promising antibacterial activity and less viable bacteria than conventional needle irrigation; hence, they can be considered as alternatives to diode laser group in eliminating microorganisms from infected root canals.

**Source of Support:** Nil

**Conflict of Interest:** None declared.
